OBJECTIVE: To explore the perceptions of health care professionals in examining the uses of pharmacogenomic data.
T he realization that vast amounts of pharmacogenomic data may be available in the near future has created both excitement and concern regarding how this information should be used. [1] [2] [3] [4] The topic of pharmacogenomics has become a very popular discussion topic among clinicians, managed care organizations, health policymakers, and academia. [5] [6] [7] Theoretically, the use of pharmacogenomic information will substantially enhance the ability of clinicians to provide individualized drug therapy. [8] [9] [10] [11] [12] Thousands of common genetic variations (e.g. single nucleotide polymorphisms [SNPs] ) can influence the likelihood of a patient attaining desired therapeutic outcomes with conventional treatment. 13 These genetic variations lead to the production of proteins with various degrees of functionality related to drug transport, receptor binding and stimulation, cellular response, metabolism, and excretion. 14 Polymorphisms have already been identified as determinants of efficacy for beta-agonists (Gly-16 protein), clozapine (5HT2A receptor), and ACE inhibitors. [15] [16] [17] Variations in SNPs can also cause impaired metabolic function. A majority of medications are metabolized by the P450 isoenzymes CYP2D6 and CYP34A. 18 Impaired drug metabolism in these enzymes can cause an increase in blood concentration of a medication at normal dosages and, subsequently, a higher likelihood of toxic effects. Conversely, impaired CYP function can also reduce the amount of an activated metabolite available for a pharmacological effect. For example, decreased functional capacity of CYP2D6 can translate into a substantially reduced portion of codeine biotransformation to morphine in analgesia. 19 Use of genotyping technologies may identify targeted populations that can avoid specific adverse drug reactions or reduced effectiveness. 4, 12, 20 A limited number of academic and teaching hospitals have begun to incorporate pharmacogenomic testing in treatment. Georgetown University provides CYP2D6 profiles, and several companies are developing CYP test kits that should be available within 2 years. 21 However, the pharmacogenomic revolution will have a substantial cost attributable to new laboratory fees and associated product costs. 2, 5 This may lead to limitations in insurance coverage, or high cost-sharing schemes for consumers. Some applications also raise important ethical questions regarding appropriate use of this technology.
22 Table 1 provides a list of the potential uses of this technology in managed care settings.
As new pharmacogenomic research is conducted and disseminated, clinicians, managed care organizations, hospitals, governments, and academia will each grapple with many complex and challenging decisions. Substantial discussion is probably needed to determine the optimal ways to incorporate pharmacogenomic data into the coverage decisions and operational procedures in health care organizations. No research has been conducted with health care professionals to determine their perspectives regarding the applications of pharmacogenomic data. Therefore, the purpose of this study was to determine the perceptions of knowledgeable health care professionals in examining the uses of pharmacogenomic data.
■■ Methods
Data were collected for this study using a 39-item questionnaire developed and pilot-tested by researchers at the University of Arizona. The instrument was divided into 3 sections. The first section asked respondents to indicate how they thought the use of information obtained from pharmacogenomic testing would affect 13 different health care-related items. These items ranged from the impact on patients' access to drug treatments to patients' control over confidential medical information. In this section, respondents were asked to rate the impact of using pharmacogenomic data as one of the following: strongly increase, increase, mildly increase, neither increase nor decrease, mildly decrease, decrease, or strongly decrease. The second section on the questionnaire asked respondents to provide their level of agreement to 21 statements. These statements were related to how information obtained from pharmacogenomic testing should be used. The statements in the second section were items such as "to help determine a medication' s place in therapy" and "to help insurance companies forecast and budget." The respondents were asked to rate their responses in the second section as one of the following: strongly agree, agree, mildly agree, neither agree nor disagree, mildly disagree, disagree, or strongly disagree. The third and final section of the questionnaire contained items about the respondents' demographic characteristics. Tables 2 and 3 summarize the responses from the first 2 sections of the survey.
The survey was conducted after gaining approval from the University of Arizona Human Subjects Protection Program. Information about the respondents' voluntary participation was provided in a cover letter that was distributed with the survey. No rewards were offered or provided for completing the questionnaire.
Sample and Design
In January of every year, the university provides a pharmaceuticalrelated conference for professionals in various facets of the health care industry. Typically, one-third of the audience is from managed care organizations or are health care providers, one-third is from colleges of pharmacy, and one-third is from the pharmaceutical industry. These conferences focus on timely themes dictated by current developments in the health care market. The conference held in January 2001 was titled Pharmacogenomics: Implications for Patients, Providers, and Payers. This conference was intended to stimulate thought and discussion about the possible health care-related implications of pharmacogenomically derived technologies. Several experts from various backgrounds were invited to present and discuss the subject matter over 2 days, with a keynote address provided by George Poste, D.V.M., Ph.D., CEO of Health Technology Networks. Various studies and applications of pharmacogenomic data were presented at the conference. The attendees of this conference were the focus of the questionnaire. It was believed that these attendees were opinion leaders who represented a population that had sufficient background in the subject area to provide informed opinions concerning the role of pharmacogenomic information. A mail survey design incorporating the methods developed by Don A. Dillman was used to gather responses. 23 Approximately 11 weeks after the conference, a postcard was mailed to the 87 attendees indicating they would receive a questionnaire the following week. The questionnaire was then mailed with a cover letter and pencil. One week after the questionnaire was mailed, a reminder letter was sent to those who had not responded. Three weeks after mailing the initial questionnaire, a second cover letter, pencil, and questionnaire were sent to the nonresponders.
Statistical Analyses
The items in sections 1 and 2 were coded on a 7-point interval scale: 7 represented the most positive statement ("strongly increase" or "strongly agree") decreasing to 1 representing the most negative statement ("strongly decrease" or "strongly disagree"): 4 was considered the midpoint for both scales ("neither increase nor decrease" or "neither agree nor disagree"). One-sample t tests were used to test the hypothesis that scores for each item were not significantly different from the midpoint value of 4. An a priori alpha level of 0.05 was used for all analyses.
Health Care Professionals' Perceptions of the Role of Pharmacogenomic Data

■■ Results
Only one of the surveys was returned undeliverable. This subject' s new address was obtained, and another questionnaire was sent to the new address; the subject responded before the scheduled second mailing of the questionnaire. A 63.2% (n=55) response rate was obtained by the date of the second mailing of the questionnaire. A total of 17 more subjects responded within 6 weeks after the second questionnaire mailing. Two questionnaires were returned without useable responses. An overall response rate of 80.5% (70/87) for useable responses was achieved. Overall, 71.4% of respondents reported they were male, and 72.9% of respondents reported they were married. A majority of the respondents reported that an immediate family member suffered from a chronic disease (60.9%), while 24.6% reported that they themselves suffered from a chronic disease. The mean age of the respondents was 43.4 years old, with a range of 25 to 65. The respondents worked in a broad range of settings. The largest number of respondents were in an academic setting (38.6%), followed by the pharmaceutical industry (21.4%), the insurance and pharmaceutical benefits industry (18.6%), a clinical practice setting (4.3%), and a clinical research organization (4.3%). The remaining respondents (12.9%) reported that they worked in a setting not listed as one of the choices provided on the questionnaire.
Overall, the results from the first section of the questionnaire suggest that the subjects believed the use of information obtained from pharmacogenomic testing would affect many facets of health care. Respondents felt the use of pharmacogenomic information would increase the impact of patient preference in choosing a drug therapy (P<0.001) and requesting diagnostic tests (P<0.001). Respondents also felt the impact of physician preference in choosing a drug therapy (P<0.001) and requesting diagnostic tests (P<0.001) would increase. Furthermore, respondents believed that patient control over the use of confidential medical information by clinicians (P=0.024), employers (P=0.003), and research organizations (P=0.015) would increase. However, respondents also believed there would be limits in patient access to drug treatments (P<0.001) and nondrug therapies (P=0.005) and that the costs of health insurance premiums would increase (P=0.005).
The results did not support a respondent belief that the use of pharmacogenomic information would affect the proportion of people with health insurance in the United States, the scope of health insurance benefits offered to patients, or patients' control over confidential medical information by government organizations (e.g., Medicare and Medicaid). The results from the first section of the questionnaire are summarized in Table 2 .
In the second section of the questionnaire, respondents reported whether they thought information obtained from pharmacogenomic testing should be used for various purposes. Respondents agreed that pharmacogenomic information should be used to determine a medication' s place in therapy (P<0.001) and to help government (P<0.001), professional organizations (P<0.001), and insurance companies (P<0.001) create treatment guidelines for diseases. Respondents also agreed that pharmacogenomic information should be used to help physicians (P<0.001) and patients (P<0.001) make choices about therapies. Furthermore, respondents agreed that the information should be used to identify patients who will respond to medications (P<0.001), who are at high risk for adverse events (P<0.001), and who are candidates for preventive care (P<0.001). Respondents also agreed that following pharmacogenomic testing, patients should be informed of their likely response to therapy (P<0.001).
However, the responses were mixed about the use of pharmacogenomic information by insurance companies. On one hand, respondents agreed that the information obtained from pharmacogenomic testing should be used to determine the formulary status of a medication (P<0.001) and to justify a refusal of therapy for pharmacoeconomic (P=0.014) or therapeutic (P<0.001) reasons. On the other hand, respondents did not agree that the information should be used to help determine insurance premiums (P<0.001), negotiate insurance contracts (P=<0.001), or set copay amounts for insurance coverage (P=0.002). However, respondents did agree that pharmacogenomic information should be used to help both the insurance industry (P<0.001) and the government (P<0.001) forecast and budget.
Finally, respondents were receptive to the idea that information derived from pharmacogenomic testing should be used to further research. Respondents agreed that the information should be used to help universities (P<0.001), private industries (P<0.001), and government (P<0.001) conduct research on therapeutic and diagnostic agents. The results from the second section of the questionnaire are summarized in Table 3 .
■■ Discussion
The results of this survey are important in that they outline the opinions of a sample of professionals who may be in a position to influence or make treatment and policy decisions. The sample frame of attendees included many people in leadership roles in their respective organizations. Among the titles listed by academic attendees, 4 were deans or assistant deans, 3 were full professors, 9 were associate professors, and 2 were assistant professors. Among the titles listed by attendees employed in the private sector, 7 were presidents or equivalent, 6 were vice presidents, 17 were directors, and 10 were managers. The remaining attendees listed titles including clinical pharmacist, researcher, scientist, economist, publisher, coordinator, student, and liaison. These results provide a proactive examination of the potential impact of issues associated with pharmacogenomic testing. The data represent informed opinions from professionals about how pharmacogenomic information will-and should-be used. These respondents believed that information obtained from pharmacogenomic testing will have a far-reaching influence in the future provision of health care in the United States.
Overall, the respondents felt the use of this information will alter the roles of patients and physicians, impact the use of confidential medical information, and change the economics of health care insurance. In general, respondents appeared to be cautiously optimistic about the use of pharmacogenomic information. Respondents believed the use of pharmacogenomic information would increase the impact of physician and patient preference in the provision of care (i.e., treatment and diagnostic test requests) but would also result in new limits in patient access to certain treatment options. Although the use of pharmacogenomic information might be used to justify the use of nonpreferred agents in those patients with a demonstrated need, this information might also be used to restrict use in those patients with a low probability of success with a nonpreferred agent.
Respondents believed that the use of pharmacogenomic information would be associated with increases in patient and physician control over confidential information. However, the respondents also believed the use of this information would be associated with increases in the cost of insurance premiums, though they did not think the data should be used in making economic decisions (e.g., setting premiums, copays). On the other hand, respondents were supportive of the use of the information for budget forecasting. Finally, respondents supported the use of pharmacogenomic information for therapeutic and research goals and for justifying refusals of therapy.
No other studies were identified in the literature with which to compare the findings of the present study. Pharmacogenomics is a growth area and too new for widespread applications by existing health care professionals. 4 Future research is needed to clarify the perceptions of health care professionals as pharmacogenomic techniques become more widely used. Pharmacogenomics could dramatically affect the provision of prescription drug benefits over the next 5 to 10 years. Some predict the majority of drugs newly approved by the FDA in 5 to 10 years will be intravenous (IV) formulations, and 80% of drugs now in solid dosage form will become available as IV fluids. 24 Genetic testing that fragments a viable market may even create disincentives for pharmaceutical research and development in some subsets of the population. 25 From a managed care perspective, many observers also predict increased use of laboratory tests and genetic counseling. 26 Access to genomic information offers the opportunity to reduce the incidence of trial-and-error in selecting optimum drug therapy for individual patients. Genomic information may also permit exclusion of patients who will not respond adequately to a particular drug therapy before exposing the patient to the drug. Also, drug therapy will be targeted more precisely by drug type and dose to the individual patient, reducing the opportunity for untoward side effects. As more genomic information is made available, clinicians will likely have to follow more stringent prescribing protocols, especially when the risk to the patient is high. 27 The application of this technology could herald a more expensive future for pharmaceutical products on a per-use basis, but this higher cost per patient could be offset by reducing the number of patients exposed to ineffective and/or harmful treatments.
Limitations
There are several important limitations to this study. First, the sample in the study represents participants in a conference concerning a very new topic. Substantial new research may be forthcoming that will significantly alter the perceptions of the respondents. Second, although the conference provided a broad education by pharmacogenomic experts, it is possible that biases were introduced that influenced the perceptions of the respondents. Third, although the conference participants represented a wide range of health care and health policy professionals, the respondents may not fully reflect the viewpoints of professionals throughout the United States. Finally, 17 people did not respond to the questionnaire. It is possible that the addition of their responses could have added to the generalizability of the results.
■■ Conclusions
The realization that pharmacogenomic data may be available in the near future has raised many complex questions regarding the optimal use of diagnostic and therapeutic agents. Although still preliminary, application of this information may be especially useful to better target the use of innovative products. Respondents in this study were optimistic regarding the theoretical benefits of identifying patient populations most likely to achieve optimal therapeutic outcomes. However, future research and transparent discussion are needed to ethically and therapeutically incorporate these data into health care decisions.
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